Abstract. The effect of pulse wave shape on Taylor cone jetting behavior in electrohydrodynamics micro jet process has been investigated by using the ethyl alcohol solution. The square wave, trapezoid wave and triangular wave with different amplitude have been used in the experiment. The sequential images gathered by the charge-coupled camera combined with a strobe LED have been used to present cone jetting behavior with respect to the time. The shapes of meniscus under different voltage condition have been examined during the jetting process. Results indicated that when the square wave and the trapezoid wave were used the activation of cone jetting and its duration time were closely relied on the amplitude voltage and its duration time, thus this is beneficial for the accurate control of droplet frequency and volume in the drop on demand printing process. However, the introduction of positive amplitude resulted in the delay of the followed cone jetting thus creates error for the jetting uniformity control. The results also indicated that triangular wave was failed to induce the jetting thus this kind of wave shape is not suitable for the jetting control in electrohydrodynamics printing process.
Introduction
Nowadays, with the increasing requirement of flexible and wearable electronics, the printed electronics technology has been attracted extensive attention in the production of sensors, display device, photovoltaic cells and other electronics. Among the current printed electronics technologies, ink jet printing technology is one of the effective and flexible methods due to its advantages such as low cost, contactless with substrate, easy realization of digitization and the ability for complicated pattern preparation [1] . Electrohydrodynamics micro printing is an alternative inkjet process which employs electrical force induced by the electrical field between nozzle and substrate to drag ink droplet from nozzle onto substrate to deposit a desired pattern. This electrical force induced inkjet process offers many advantages such as high resolution printing, better compatibility of ink, low cost and good maneuverability [2] . To control the formation and ejection of droplet in a "drop on demand" manner is the key to improve the process controllability and the printing quality. Pulse voltage is usually applied to realize the droplet on demand control in the EHD printing process [3] . However, some parameters such as amplitude and duration time of the pulse always result in varied electrical behavior between ink and substrate thus result in different ejection behavior [4] . Therefore, it is possible to clarify the effect of pulse voltage parameters on the jetting feature in the printing process. In this paper, different pulse voltage shape with varied amplitude, duration time and rising time were designed to investigate the effect of pulse voltage on the cone jetting behavior in the EHD process, this is of significant importance for the realization of EHD printing in the production of micro electronics.
Experiment
Figure1shows the experiment set up used in this research. The DC power supply was connected to nozzle and the maximum output voltage is 10KV. The power amplifier and the arbitrary function generator were connected to substrate and the negative voltage was applied. The soft tube was used to connect air pump, vial and nozzle connected. The vial height was controlled to adjust the ink supply pressure and the height was set as 1mm (distance between the vial bottom and substrate surface). The nozzle was a 34G stainless fluid dispensing head and its inner diameter is 60um. The substrate is a glass slip with the size of 50mm×25mm and was located on the substrate table. The distance between the nozzle and substrate was adjusted to 150um. The moving speed of the substrate was set as 1mm/s. The micro in situ observation system was composed of lens, ccd and led. The CCD camera with strobe LEDs was used to observe the meniscus in inkjet heads. Self-developed software was used to extract and measure the profile of meniscus under different jetting conditions. The ink used in this experiment was ethyl alcohol solution. 
Results and discussion
In this work, the dc voltage applied on nozzle was kept as the constant value thus the meniscus formed on nozzle tip but there is no jetting. And then the pulse voltage of 750V was applied on the substrate and this amplitude is sufficient to induce the cone jetting when the pulse shape was suitably designed. Figure 2 shows the meniscus feature when the square wave was used. The first wave was a negative pulse square type and the second is the square wave with periodic negative and positive amplitude. Figure 2a shows that the meniscus deformed at the amplitude voltage and the cone jet appeared after 50us with the duration of the pulse. The cone jetting disappeared with the ending of pulse and the followed jetting was occurred at the next pulse and delay time is also 50us. Figure 2b shows the evolution of meniscus height based on the pulse time. It can be found that the height of meniscus increased to the maximum 30us later when the amplitude voltage was applied and the height has no obvious change till the end of the followed pulse. Figure 2c shows that the cone jetting feature in the first negative pulse is similar to figure 2a and there is no jetting occurred at the followed positive pulse. However, at the subsequent negative pulse the cone jetting appeared 150us later when the amplitude voltage was applied. This result indicated that the added positive pulse voltage delayed the deformation behavior of meniscus and the jetting was suppressed. From figure 2d, it can be found that the height of meniscus increased to its maximum with the first negative pulse then retune to its original and was stretched again with the followed negative pulse.
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Figure 2. The meniscus feature on different time when the square wave was applied (a, c) and the evolution of meniscus height (b, d). Figure 3 show the jetting behavior and the meniscus height evolution during the pulse period of the trapezoid wave. From figure 3a it can be found there is no jetting in the rising stage of the amplitude voltage and the jetting occurred 100us later when the amplitude voltage was arrived. There is also no jetting in the falling stage of the trapezoid wave. In the subsequent pulse, the jet appeared 100us later when the amplitude voltage was appeared and the jetting behavior is similar to the first pulse. From figure 3b, it can be found that the meniscus deformed to 135um in the first pulse and then further deformed to 150um in the followed pulse. Figure 3c shows that when the trapezoid wave with periodic positive and negative wave was applied, the jetting in the first negative was occurred at 250us and ended at 300us. In the positive pulse stage there is also no jetting occurred. However, it also can be found that there is a 150us delay for the next jetting in the followed negative pulse. Figure  3d shows that the deformation of meniscus is closely depend on the amplitude voltage but compared with figure 3b it can be found that the maximum height of the meniscus with the adding of positive pulse is less than the condition that without positive pulse. Figure 4 shows the jetting behavior and the meniscus height evolution during the pulse period of the triangular wave. An interesting phenomenon is that from figure 4 a and c we can found that although there is meniscus deformation occurred during the negative pulse of the triangular wave, there was no jetting was observed in the whole pulse period. From figure 4 b and d it can be found that there was obvious deformation of meniscus with respect to time, this implies the amplitude voltage is a main factor for the meniscus deformation but the duration of pulse is essential for the jetting trigger as the charge in the meniscus need time to accumulate till the electrical force applied on tip of the meniscus is large enough to conquer the surface tension of the meniscus. Therefore, when considering on the controllability and the frequency of the jetting during printing process the square without adverse pulse is recommend to apply in the droplet on demand control in the EHD printing process. 
Summary
(1) The amplitude voltage of the pulse voltage is important because the deformation of meniscus is closely depend on this voltage but the introduction of adverse pulse resulted in the delay of meniscus deformation thus the jetting was also retarded;
(2) The trapezoid wave caused rising and falling time of the amplitude voltage and this is an alternative factor for the control of jetting amount, but the square wave is beneficial to produce a consistent pulsating for the pulse voltage singal; (3) The application of triangular wave resulted in the deformation of meniscus but the jetting was not induced in the whole period due to the inefficient duration time for charge accumulation.
